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Abstract
Chronotype is an established concept designed to identify distinct phase relationships between the expression of circadian
rhythms and external synchronizers in humans. Although it has been widely accepted that chronotype is subjected to
ontogenetic modulation, there is no consensus on the interaction between age and gender. This study aimed to determine the
relationship between age- and gender-related changes in the morningness-eveningness character in a large sample of people.
A total of 14,650 volunteers were asked to complete the Brazilian version of the Horne and O¨stberg chronotype questionnaire.
The data demonstrated that, on average, women were more morning-oriented than men until the age of 30 and there were no
significant differences between men and women from 30 to 45 years of age. In contrast to the situation observed until the age
of 30, women older than 45 years were more evening-oriented than men. These results suggest that the ontogenetic
development of the circadian timekeeping system is more plastic in men, as represented by the larger amplitude of chronotype
changes throughout their aging process. The phase delay of adolescence and phase advance of the elderly seem to be
phenomena that are more markedly present in men than in women. Thus, our data, for the first time, provide support that
sharply opposes the view that there is a single path toward morningness as a function of age, regardless of gender.
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Introduction
An important aspect of the phase differences of
circadian rhythms is called chronotype or degree of
morningness-eveningness. Ontogenetic traits in chrono-
type have been widely reported. In general, it is plausible
to state that younger individuals have a strong tendency
toward eveningness, whereas aging is strongly asso-
ciated with morningness (1,2).
Previous studies on the theme of morningness-
eveningness have reported mixed evidence concerning
the interaction of age and gender. Some authors report
that no correlations can be made between the scores from
chronotype questionnaires and gender (3-6), while others
point to differences in mean scores between men and
women (2,7,8).
Christopher Randler (9) conducted a large sample
study aiming to clarify the interaction between age and
gender during adolescence and reported that male
subjects are, on average, more evening-oriented than
female adolescents. In addition, he reported that it was not
only the morningness-eveningness score or orientation
that changes during adolescence, thus exposing gender-
related differences, but also that the dynamics of the
transition from eveningness, during puberty, toward morn-
ingness, in adulthood, is gender-sensitive. Specifically, it
was reported that females reach their peak of eveningness
earlier than males (9,10). With regard to adulthood, Paine
et al. (11) found no gender-related differences when they
analyzed chronotype orientation in a population ranging
in age from 30 to 48 years. However, Caci et al. (12),
exploring the use of distinct chronotype questionnaires,
were able to report a very strong effect of age on
morningness-eveningness during adulthood. Despite the
lack of statistical significance, these authors reported that
the chronotype scores were skewed toward morningness
in females, suggesting the presence of a gender effect that
was not revealed by comparing the mean scores.
In elderly individuals, who are healthy and without
sleep disorders, the circadian rhythm parameters of
melatonin levels (nocturnal peak), core body temperature
(acrophase), and cortisol levels (acrophase) occur earlier
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in the day compared to young adults (13,14). Other
changes in the elderly include a reduction in the amplitude
of circadian rhythms and reduced tolerance to abrupt
phase changes (15). It has been suggested that chron-
otype remains relatively stable until around the age of 35
and, thereafter, morningness increases (12,16). Con-
sidering that the dynamics of the age-related transition
from eveningness to morningness appears to be gender-
sensitive, gender-driven changes in the expression of
chronotype seem to not be significant after the age of 50.
According to Roenneberg et al. (17), both male and
female subjects over 50 years of age follow the same path
toward morningness.
The apparent contradiction among the results of these
studies appears to arise from discrepancies in the age
and size of the studied populations. In general, however,
the consensus in the field of chronobiology appears to be
that women are more morning-oriented than men (7,17).
Additionally, a small number of studies have focused on
the ontogenetic traits of morningness-eveningness, espe-
cially because of the need for large samples and the
misconception that chronotype is a fixed construct that
does not change throughout the course of a life, as
recently noted by Di Milia and Randler (18).
Here, we further explore the interaction between
gender and age to better understand their relationship to
chronotypes. This study aimed to determine the relation-
ship between age- and gender-related changes in the
morningness-eveningness characteristics in humans.
Material and Methods
The study was reviewed and approved by the Ethics
Committee of Instituto de Cieˆncias Biome´dicas, Univer-
sidade de Sa˜o Paulo. A sample of 14,650 Brazilian
volunteers completed the Brazilian Portuguese validated
version of the Horne and O¨stberg (HO) Morningness-
Eveningness Questionnaire (19).
The chronotype questionnaire consisted of 19 multiple
choice questions that simulated different daily situations,
and individuals had to declare their preferred schedule
for implementing the proposed activities. A score for each
question and the total score resulted in a value ranging
from 16 (greater eveningness) to 86 (highest morning-
ness). The electronic version of this questionnaire can be
accessed at http://www.each.usp.br/crono. The dependent
variable of the study was the score from the chronotype
questionnaire (HO score), and the independent variables
were gender (categorized into male and female) and age.
To compare the mean scores from the questionnaires
according to the categories male and female, a parametric
Z-test for means was applied. ANOVA was carried out
using age groups, gender, and the score of the
chronotype questionnaire as independent factors. Post
hoc comparisons were performed using the Bonferroni
test. The statistical significance level was set at P=0.05.
Results
The mean score from the chronotype questionnaire
was 46.12 (SD=12.21) for men and 46.63 (SD=12.27)
for women. The overall comparison revealed that men on
average scored slightly higher than women according to
the Z-test (Z=2.53, P=0.01). For the analysis of age
associated with gender, we arbitrarily divided the groups
of men and women into 10 subpopulations as follows: less
than 20, 20 to ,25, 25 to ,30, 30 to ,35, 35 to ,40, 40
to ,45, 45 to ,50, 50 to ,55, 55 to ,60, and 60 years
and older. Table 1 summarizes the number of volunteers
and the proportions of male and female subjects for each
age bin. Applying ANOVA and the Bonferroni post hoc
test, we compared the mean scores of men and women in
each subpopulation group. The effect of gender was
statistically significant (P,0.05) for all ages except those
between 30 and 44 years. While men display, on average,
later chronotypes in earlier age groups, this situation was
reversed after the age of 45 years.
Discussion
Our present results showed that the ontogeny of
chronotype was different in men and women. We
observed that men displayed, on average, a later
chronotype during younger ages and that this situation
was reversed during older ages, when men became more
morning-oriented than women.
These results suggest that the ontogenetic develop-
ment of the circadian timekeeping system is more plastic
in men, characterized by a larger amplitude of chronotype
changes throughout the aging process. The phase delay
of adolescents and the phase advance of the elderly
seem to be phenomena that are markedly more present in
men than in women.
Several studies have reported differences in circadian
properties when comparing men and women. The classical
Table 1. Distribution of male and female subjects per each age
bin.
Age (years) Total (n) Male (%) Female (%)
,20 1133 30.36 69.63
,25 4135 32.16 67.83
,30 3227 30.43 69.56
,35 1993 29.65 70.34
,40 1353 28.52 71.47
,45 1044 26.53 73.46
,50 827 25.39 74.60
,55 529 25.33 74.66
,60 276 30.07 69.92
>60 133 43.60 56.39
Total (n) 14,650 4,395 10,255
Mean (%) 30.20 69.79
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experiments of Wever (20) that investigated internal
desynchronization under isolation conditions showed that
men had faster desynchronization rates than women. Cain
et al. (21) explored gender differences in the phase angle of
entrainment in humans. They found that, compared with
men, the circadian phases of women occur at an earlier
circadian phase of core body temperature and melatonin
relative to their habitual wake time, despite the lack of
significant gender-related differences in the chronotype
score. This reveals a distinct pattern of sensitivity to the
phase-shifting effects of light according to gender. Taken
together, these results emphasize that the expression of
the circadian timekeeping system in humans can exhibit
gender-specific traits, which is in line with the findings of
Davis et al. (22) and Goel and Lee (23), who reported sex
differences in the light sensitivity of rodents.
Previous studies have indicated that large samples
are needed to detect age and gender differences in
morningness-eveningness scores (24,25). To provide an
epidemiological portrait of chronotype, Roenneberg et al.
(17) conducted a questionnaire-based survey that had the
participation of more than 55,000 volunteers. One of their
objectives was to confirm the gender differences
observed throughout ontogeny. They provided evidence
for a gender-related effect on chronotype, reporting that
females reach the maximum of their eveningness sooner
than males and that this gender effect disappears around
the age of 50, the average age of menopause. Therefore,
these authors attribute the disappearance of the phase
differences between men and women to the influence of
menopause. Our results, however, contrast sharply with
the view that there is a single path toward morningness as
a function of age. Indeed, here we described a distinct
dynamic in the plasticity of the circadian timekeeping
system according to gender in a sample from the Brazilian
population over the age of 45 years.
The different dynamics of the changes in chronotype
observed in men and women during ontogeny may
indicate that endocrine factors are directly or indirectly
involved in this phenomenon. Support for such interac-
tions is indicated by the presence of sex hormone
receptors in the suprachiasmatic nuclei in both humans
(26) and rodents (27). The hormonal influence on gender
differences of chronotype during puberty and in the
transition to adulthood has been explored. Randler et al.
(28) described a positive association between the level of
salivary testosterone and evening orientation in young
male university students. Although it was the first
description of such an association in humans, it is well
known that sex hormones, particularly testosterone, play
a role in chronotype changes observed during puberty in
mammals (29). In addition, it has been suggested that, in
females, there is an association between development
during puberty and the changes that occur in sleep phase
preferences. Specifically, the 5-year period after
menarche has been implicated as an important marker
of the stability of sleep phase preferences, and there is a
return to a morning orientation in females (30). Moreover,
female menopause and male andropause are two major
ontogenetic challenges, and their possible impacts on the
sleep/wake cycle and sleep preferences are mediated by
hormonal changes. Peri- and postmenopausal women
experience decreased estrogen release (31), while male
andropause consists of a myriad of signs and signals
related to an age-dependent progressive decrease of free
testosterone levels (32). Taking into account the roles of
estrogen and testosterone in young female and male
subjects, the decreased expression of these sex hor-
mones would imply a shift toward morningness in older
people, which is in accordance with our data. However,
the underlying processes responsible for the distinct sex-
driven implications of hormonal changes on the circadian
timekeeping system still remain elusive.
Even though our results confirm the already described
lack of differences in chronotype between middle-aged
men and women (17), we go further and provide, for the
first time, evidence that contrasts sharply with the view
that there is a single path toward morningness as a
function of age. Indeed, we describe a distinct dynamic in
the ontogeny of the circadian timekeeping system toward
morningness at older ages according to gender in a
sample of the Brazilian population. An additional strength
of our study is that we not only described the gender
differences but also reinforced the evidence that chron-
otype should not be considered fixed throughout life.
The biological substrates associated with the physio-
logical regulation of these chronotype differences related
to gender described here are not yet known. Further
investigation and a better understanding of the role of
these biological substrates may be useful to help older
people cope with well-known sleep and circadian pro-
blems related to aging.
Figure 1. Means±SE of the Horne and O¨stberg (HO) score of
males and females as a function of the selected age groups.
*P,0.05, Bonferroni test.
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